Abstract: The separation of Re(VII) and V(V) by solvent extraction with TBP was investigated by varying the HCl, metal and chloride ion concentrations. Re(VII) was selectively extracted over V(V) from the HCl solution. The highest separation between Re(VII) and V(V) occurred at a concentration of 2.0 M HCl. The extraction reaction of Re(VII) by TBP was verified using the slope analysis method. Changing the concentration ratio of the two metals and the chloride ion concentration had little effect on the extraction of V(V). Re(VII) could be completely stripped from the loaded TBP when the pH of the stripping solution was higher than 3.0. The obtained results can be utilized to develop a process for separating Re(VII) and V(V) from HCl solutions.
INTRODUCTION
Rhenium (Re) is widely used in oil refinery industries and the production of super alloys for high-temperature applications [1] , while vanadium is an important metal in many technology fields, including steel alloys for aerospace, catalysts, machine tools, automotive, construction and nuclear reactor components [2, 3] . Due to the growing demand for these metals, there are extensive efforts to recover them from several resources, such as ores [4] , spent catalysts [5] , and alloy scraps [6, 7] .
To recover of metals from these resources, a concentrated acid solution is first employed to dissolve the target metals [7] [8] [9] . After leaching, the target metal ions can be separated from impurities by several methods, such as solvent extraction [10] [11] [12] [13] [14] [15] [16] [17] , ion exchange [18] , adsorption [19] , and precipitation [20, 21] . Among these methods, solvent extraction is widely employed to separate the target metals, because it is efficient and makes it possible to recover a pure solution [22] [23] [24] .
According to the distribution diagram of Re(VII), anionic and neutral species of Re(VII), such as ReO4 − , HReO4 and ReO3Cl [32] .
and W can be dissolved in an alkaline solution after soda roasting [6, 23, 29] , Re can be dissolved in high acid concentrations [30, 31] . Nonetheless, it is difficult to dissolve all of the metals from alloy scraps by leaching. Therefore, a combined process consisting of electrochemical and hydrometallurgical operations seems a better option for dissolution of the metals from super alloys. A schematic diagram for the recycling of super alloy scrap by the hydrometallurgical route is shown in Fig. 1 [32] . To develop a process for separating these four metals from a hydrochloric acid solution, the separation of Re(VII) and V(V) was first investigated in this work. Since neutral species such as HReO4, ReO3Cl and VO2Cl exist in hydrochloric acid solutions [22] , neutral extractants such as TBP, TOPO and a mixture of four trialkylphosphine oxides (Cyanex 923) offer high extraction efficiency for rhenium and vanadium from these solutions [15, 16, 25, 26] . However, little information has been reported on the separation of V(V) and Re(VII) from hydrochloric acid solutions by neutral extractants. Moreover, the stripping of metals from the loaded TBP is fairly easy [13] . Therefore, in this work, TBP was employed to investigate the possibility of separating Re(VII) and V(V) from a moderate to strong HCl solution. H2O2 (Sigma-Aldrich, 35%) were used to prepare the solutions necessary to measure the concentration of metal ions.
Solvent extraction process
Extraction and stripping experiments were carried out by mixing equal volumes (10 mL) of the aqueous and organic phases for 30 min (extraction and stripping equilibrium were reached within 30 min in initial tests) using a wrist action shaker (Burrell model 75, USA). After shaking, the organic and aqueous phase was separated using separating funnels.
All experiments were performed at room temperature (25 ± 1.0 ℃).
Measurement of the metal ion concentration
Rhenium and vanadium ion concentrations in the aqueous phase before and after extraction were determined using an concentration range of (0-100 mg/L) was graduated into flasks (V=20 mL) and 4 mL of 5.0 M H2SO4 and 0.5 mL of 3% H2O2 were added. The solutions were brought up to a flask mark with distilled water and measured at 450 nm [34] .
RESULTS AND DISCUSSION

Effect of HCl concentration
Since the composition of Re(VII) and V(V) in secondary resources is very low (≤ 100 mg/L) [6, [35] [36] [25, 26, 37] .
ReO3Cl + 4TBP(org) = (TBP)4･ReO3Cl (org)
VO2Cl + nTBP(org) = (TBP)n･VO2Cl(org)
where n = 1 or 2, and subscript (org) represents organic 
Effect of chloride concentration
The concentration of chloride ions can affect the distribution of a metal ion in HCl solution. Generally, an increase in chloride ion concentration favors the formation of electrically neutral and anionic species [25, 26] . Therefore, it was anticipated that the separation behavior of Re(VII) and 7. According to the data, the slope was approximately unity, indicating that one mole of chloride ion was involved in the extraction.
Effect of V(V) and Re(VII) concentration
The separation efficiency of two metals may be affected by However, in these experiments, no V(V) was extracted and thus complete separation of the two metals was possible.
Stripping
It can be seen in Fig. 2 
